Nomenclatures N Viscous dissipation parameter Greek symbols Subscripts: w wall conditions ∞ ambient temperature Abstract:. A Numerical study on the effect of dissipation on a steady free convection flow through a porous vertical plate is made. The relevant non-leaner boundary equations are made dimensionless using specific non-dimensional variables. The corresponding non-similar partial differential equations are solved using implicit finite difference method with Keller-Box scheme. The results are then presented graphically and discussed thereafter.
Introduction
The effects of viscous dissipation plays an important role in natural convection in various devices which are subject to large deceleration or which operate high rotative speeds . It is important in strong gravitational field processes in fluids internal to various bodies. . Free convection in presence of viscous dissipation has been drawn forth not only for its fundamental aspects but also for its significance in the contexts of space technology and processes involving high temperature. In the presence of viscous dissipation natural convection boundary layer flow from a porous vertical plate of a steady two dimensional viscous incompressible fluid has been investigated. In this analysis consideration had been given to grey gases. Over the work it is assumed that the surface temperature of the porous vertical plate T w , is constant, whereT w >T ∞ . Here T ∞ is the ambient temperature of the fluid, T is the temperature of the fluid in the boundary layer, g is the acceleration due to gravity, the fluid is assumed to be a grey emitting and absorbing, but non scattering medium. In the present work variations in fluid properties are limited only to those density variations which affect the buoyancy terms. Merkin [1] studied free convection with blowing and suction. Lin and Yu [2] studied free convection on a horizontal plate with blowing and suction. Hossain et al [3] studied the effect of radiation on free convection flow with variable viscosity from a porous vertical [12] studied the effect of thermal radiation on the heat and mass transfer flow of a variable viscosity fluid past a vertical porous plate permeated by a transverse magnetic field. Alam et al. [13] viscous dissipation effects on MHD natural convection flow along a sphere. None of the aforementioned studies, considered the viscous dissipation effects on laminar boundary layer flow of the fluids along porous plate. The present study deals with natural convection flow from a porous vertical plate in presence of viscous dissipation. The results will be obtained for different values of relevant physical parameters and will be shown in graphs as well as in tables. The governing partial differential equations are reduced to locally non-similar partial differential forms by adopting some appropriate transformations. The transformed boundary layer equations are solved numerically using implicit finite difference scheme together with the Keller box technique [14] . Here, we have focused our attention on the evolution of the surface shear stress in terms of local skin friction and the rate of heat transfer in terms of local Nusselt number, velocity profiles as well as temperature profiles for selected values of parameters consisting of viscous dissipation parameter N, Prandtl number Pr. In order to check the accuracy of our numerical results the present results are compared with [9] .
Formulation of the problem
We have investigated natural convection flow from a porous plate in presence of viscous dissipation. The fluid is assumed to be a grey, emitting and absorbing. Over the work it is assumed that the surface temperature of the porous vertical plate, T w , is constant, where T w > T . The physical configuration considered is as shown in Fig.1 :
The conservation equations for the flow characterized with steady, laminar and two dimensional boundary layers, under the usual Boussinesq approximation, the continuity, momentum and energy equations can be written as: 
The boundary conditions are
where ρ is the density, k is the thermal conductivity,β is the coefficient of thermal expansion, ν is the reference kinematic viscosity ν = µ/ρ , µ is the viscosity of the fluid, C p is the specific heat due to constant pressure. In order to reduce the complexity of the problem we introduce the following nondimensional variables:
where Pr=νC p /k is the Prandtl number and N = ν 2 gβ∆T/ρC p V 4 is the viscous dissipation parameter.
The boundary conditions (4) become 0, 1 at 0
The solution of equations (7), (8) enable us to calculate the nondimensional velocity components ⎯u,⎯v from the following expressions
In practical applications, the physical quantities of principle interest are the shearing stress τ w and the rate of heat transfer in terms of the skin-friction coefficients C fx and Nusselt number Nu x respectively, which can be written as
q c is the conduction heat flux.
Using the Equations (6) and the boundary condition (9) into (11) and (12), we get
The values of the velocity and temperature distribution are calculated respectively from the following relations:
Method of Solution
Solutions of the local non similar partial differential equation (7) to (8) subjected to the boundary condition (9) are obtained by using implicite finite difference method with Keller-Box Scheme, which has been described in details by Cebeci [15] .
The solution methodology of equations (7) and (8) with the boundary condition given in eqn. (9) for the entire ξ values based on Kellerbox scheme is proposed here . The scheme specifically incorporated a nodal distribution favoring the vicinity of the plate, enabling accuracy to be maintained in this region of steep gradient. In detail equations (7) and (8) are solved as a set of five simultaneous equations.
To apply the aforementioned method, we first convert Equations (15)-(16) into the following system of first order equations with dependent variables ) ,
where
The ( ) n n n n n n j j j j j j n n n j j j j n n n n n j j j j w here
The corresponding boundary conditions (21) become which just express the requirement for the boundary conditions to remain during the iteration process. Now we will convert the momentum and energy equations into system of linear equations and together with the boundary conditions can be written in matrix or vector form, where the coefficient matrix has a block tri-diagonal structure. The whole procedure, namely reduction to first order followed by central difference approximations, Newton's quasi-linearization method and the block Thomas algorithm, is well known as the Keller-box method.
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Results and Discussion
In this exertion natural convection flow on a porous vertical plate in presence of viscous dissipation is investigated. Numerical values of local rate of heat transfer are calculated in terms of Nusselt number Nu x for the surface of the porous vertical plate from lower stagnation point to upper stagnation point, for different values of the aforementioned parameters and these are shown in tabular form in Table:1 and  Table:2 can observe from these figures that as the Prandtl number Pr increases, the skin friction coefficient decreases and rate of heat transfer increase. Numerical results of skin friction and rate of heat transfer are calculated from equation (13) for the surface of the porous plate from lower stagnation point to upper stagnation point at ξ = 0.01 to ξ = 0.71. Numerical values of C fx and Nu x are depicted in Table . 1. 
Comparison of the Results
In order to verify the accuracy of the present work, the values of Nusselt number and skin friction for N = 0, R d = 0.05.Pr = 1.0 and various surface temperatures w θ =1.1, w θ =2.5 at different positions ofξ are compared with Hossain et al. [9] as presented in Table 2 . The results are found to be in excellent agreement. 
Conclusion
Natural convection flow on a porous vertical plate in presence of viscous dissipation has been investigated for different values of relevant physical parameters including Prandtl number Pr, and viscous dissipation parameter N.
• Significant effects of viscous dissipation parameter N on velocity and temperature profiles as well as on skin friction and the rate of heat transfer have been found in this investigation but the effect of viscous dissipation parameter N on rate of heat transfer is more significant. An increase in the values of viscous dissipation parameter N leads to increase both the velocity and the temperature profiles, the local skin friction coefficient C fx increases at different position of η and the local rate of heat transfer Nu x decreases at different position of ξ.
• The increase in Prandtl number Pr leads to decrease in all the velocity profile, the temperature profile, the local skin friction coefficient C fx but the local rate of heat transfer Nu x increase.
